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ABSTRACT 
 
The statistical evaluation of flood records requires long data series to extrapolate reliable peak 
discharges and related recurrence intervals. Often the records are extended with historical 
information concerning the water level. As the distribution functions are usually fitted to the 
discharge values historic stage-discharge-relations must be found to convert these values.   
Regarding the Elbe river at the Dresden gauge the history of a water course and its morphology 
is investigated. Using the former flow cross sections water profile calculations are carried out 
yielding different stage-discharge-curves for each historic period. Checking the flood stages 
since 1501 A.D. and the related peak discharges, resulted in reduced discharge values. The 
new peak discharge values allow an update of the flood records as well as recurrence periods 
and lead to the result that e.g. the 2002 flood seems to have a recurrence period three times 
longer than it was assumed up to now. 
  
Introduction  
In many countries, among them Germany, 
the present design practice in hydraulic 
engineering uses load cases in which the 
discharge of a design flood with a certain 
recurrence period must be guaranteed. This 
is e.g. the 100 year flood for most of the 
levees as well as for the flood control 
storage volume design of reservoirs or the 
1000 year flood and the 10000 year flood 
for the spillway design and the stability 
analysis of dams respectively. To enable 
such a far reaching extrapolation it is 
desirable to get time series of annual peak 
discharges that have at least one third of 
the length of the recurrence period. This 
means e.g. that a series of 333 years is 
required to predict a 1000 year flood. 
Figure 1.   map: Germany, Czech Republic  
                           and Elbe river watershed
 
At many gauges the regular readings started only later. At the Elbe river e.g. the systematic 
gauging started 1736 at Pillnitz Castle (at the pier staircase, Fig. 2), 1774 in Meißen (on the 
downstream face of the river bridge) and 1775 in Dresden (on the downstream face of the 
Augustus-Bridge, today Elbe-km 55.600, catchment area 53096 km², mean discharge 
324 m³/s). From this time an almost complete series of annual peak water stages has been 
handed down. But to extend the series also individual stage readings from the period before 
should be included. As the repartition functions are usually fitted to the series of discharges a 
conversion of the historic stages to discharges is required. For instance at the Dresden gauge 
for the 1845 flood the official peak discharge is 5700 m³/s at a stage of 877 cm above the gauge 
datum while 2002 the flow rate should have been 4581 m³/s at a stage of 940 cm (which was 
measured by means of an ADCP). To clarify this and other discrepancies the author has 
proposed to run water profile calculations with historical data sets. This has been carried out in 
a first step for two historical flood events at the Elbe river in 1845 (Pohl 2007) and 1890 
(Grünewald et. al. 2008 within a RIMAX-Project). 
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 Sources of historical data  
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Precise records of water stages are to be found at many 
European rivers only after the middle of the 18th century. The 
information from the time before is often diffuse or focuses on the 
description of the damages. Due to the less developed measuring 
techniques and calculation methods the discharge data are almost 
always missing. And due to the exceptional character of extreme 
flood events which happened only once in ones lifetime the 
chroniclers sometime overstated. The handed down water level 
data can be inexact and often it does not fit into the present 
reference system.  
Reliable stage data can be derived from flood marks at historical 
buildings. Here it must be ensured that the marks are in their 
original place. This is guaranteed best when they are engraved in 
a natural stone building front or column (s.a. Fig. 2). One of the 
oldest marks of this kind at the upper Elbe river from 1501 A.D. 
was to be found in the town of Meißen (Elbe-Lane, opposite the 
old monastery of the Order of St. Francis) 25 km downstream of 
the Dresden gauge. 
The Figure 3 below shows some possible sources for historic 
hydrologic data. 
 
Water level calculations with historical data sets 
The rivercountry and the river morphology have changed during 
the decades and centuries. These changes were due to natural 
processes and human activities. To understand the historical 
development of the stage-discharge-relations it is necessary to 
quantify the changes in the river reaches. Table 1 displays some 
possible changes of the cross sections and its influence on the 
stage-discharge-relations. It becomes obvious that the historic 
discharge at the same stage should have been less if the river 
was wider, more meandering and less deep. 
Figure 2.   Elbe river 
flood marks at Pillnitz 
Castle (City of Dresden) 
 
Table 1  change of channel properties 
 discharge 
at same water 
level 
water level 
at same 
discharge 
channel straightening, channel shortening, increase of slope  K L 
natural sediment transport Æ erosion in the upper reach 
natural sediment transport Æ sedimentation in the lower reach 
K 
L 
L 
K 
groins, river training walls, reduction of the width Æ erosion, 
deepening 
? ? 
development, lining, river training, reduction of the roughness K L 
bridge span wider K L 
more bridges, floodplain obstructions L K 
 
But it seems to be important to mention that even also before the men-made river training 
measures were taken the river bed had moved and changed its characteristics (s.a. Schmidt 
2000). 
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Figure 3. Sources of historical data for water profile calculations 
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Figure 4. probable development of a flow cross section (e.g. Elbe km 55.6 Old Bridge) 
The first approach was to trace back to the dimensions, the shape and the conditions of the 
river channel and the floodplains in the past starting from the present state by means of the 
sources in Fig. 3 insofar they were available and useful. From this procedure cross sections as 
shown in Figure 4 arised. A first estimation with these profiles yielded a discharge little less 
than 4000 m³/s (Pohl 2007) with assumed cross sections derived from the handed down 
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information for the 1845 flood. A later check of these cross sections with the historical Elbe river 
map from 1850/55 (Fig. 5, scale 1:12000) yielded less than the expected bed erosion with only 
up to 60 cm. This means that the width of the river was reduced to almost 50 percent due to 
river training measures for better navigation since 1850 but the depth increased only slightly. 
Therefore the improved estimation yielded a discharge of some 4300 m³/s for 1845. Both results 
are significantly less than the up to now officially used value of 5700 m³/s for the same flood 
event.  
The depth was then measured in Dresden ells (= 0.5752 m) and Dresden inches (= 0.0236 m). 
The official hindcast for the 1845 peak water level at the Dresden gauge was 10 ells and 16 
inches. In the historical Elbe map not only the cross sections but also the water stages and 
inundation areas during the 1845 flood are drawn in. In the lower part of the map a longitudinal 
profile with descriptions of landmarks and the gauge datum as well as the navigable water level 
(2 ells 3 inches below gauge datum 104.44 m asl) have been drawn. Additional required but 
missing quantities were measured in the map. 
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Gauge datum 
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Ground  
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Figure 5: Hydraulic profile and flood levels of 1845 at the Dresden Old Bridge in the 
historical Elbe river map (Saxon State and University Library Dresden, Kartenforum 
Sachsen). Right: historic cross section. 
Another issue was to find the right adaptation of the relative depth values of the map to the 
today’s reference system. This had been done by linking the gauge datum which was equal to 
the „lower navigable water level“ since the beginning of the regular reading of the water level on 
January 1st 1776. Before December 1st 1935 the gauge datum was at 105.657 m asl and from 
this day at 102.657 m asl. After the readjustment to the „New System“ of land surveying DHHN 
12 (Deutsches Haupthöhennetz 1912) the datum was at 102.73 m asl without changing the 
actual elevation. Since 1st February 2004 the reference system has been changed over to 
DHHN 92 (Deutsches Haupthöhennetz 1992). The datum of the Dresden gauge is now 
102.68 m asl. Since the hydrologic year 1901 the values are published in the hydrographic 
yearbook and in 1930 a water level recorder was set into operation.  
 
By means of the longitudinal water level slope and additional information given by Schäfer 1848 
was shown, that the water level of 13.86 Dresden ells was referring to the upstream side of the 
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bridge (Fig. 5) and the reported ice set-up of 1.5 to 2 m (Fügner 2003, Schäfer 1848) was either 
too high or only valid for single ice floes. The water level at the gauge downstream of the bridge 
was 10 ells and 16 inches above the gauge datum at that time (111.78 m asl instead of 111.50) 
and with the difference of 2 ells and 3 inches to the gauge datum 12 ells and 19 inches above 
the water level drawn in the map. Insofar the upstream afflux could have been only few more 
than 60 cm.  
Assuming approximately steady flow a stage-discharge-relation had been found by means of 
the Program Hec-Ras (US Army Corps of Engineers) which was used to convert the water level 
of the flood of 31.03.1845 and other flood events to discharge values. The calculated profile 
stretched from Pillnitz to Gohlis (both suburbs belonging today to the city of Dresden. The lower 
boundary condition was the normal depth at a longitudinal slope of about 0.025 %. The distance 
between the cross sections refers to today’s stationing. The cross section profiles were taken 
from the sections in the old Elbe river map that were referring to the navigable water level. 
Beyond the mean water channel the ground elevation data were completed with elevation data 
derived from maps taking into account the former development and land use. 
Discussion of results 
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Figure 6: Water level profiles approximately calculated for Q = 2000 and 5000 m³/s and  
different years (HECRAS). 
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The results of the one-dimensional water level calculation can be displayed as a longitudinal 
hydraulic profile with different beds and water levels for selected discharges (in Fig. 6 for 2000 
and 5000 m³/s) as well as stage-discharge-curves for certain cross sections. By means of the 
stage-discharge-relation being valid for the appropriate (historic) time period the water stages 
can be converted to discharges to which the distribution functions can be fitted.  
In Figure 7 it becomes obvious that the major flood discharges were overestimated in the past. 
Vice versa the lower high water flow rates were underestimated due to deviating assumptions 
concerning the flow cross sections. 
  5 
103
104
105
106
107
108
109
110
111
112
113
0 1000 2000 3000 4000 5000 6000Q (m³/s)
st
ag
e 
(m
 a
sl
)
flood protection in Saxony polynom flood protection in S.l
2002 2006
polynom 2006 formula 2002 calculated
polynom 2002 calculated stage-discharge from 2006
Bartl 1875 - 1886 Bartl 1887 - 1890
Bartl 1891 - 1894 DHI - 1890
official 1500 - 1850 official 1851 - 1900
official 1901 - 1950 official 1951 - 2000
Siglow/Pohl 1845 Siglow/Pohl 1845
1890 DHI: 
4350 --> 3885   = 89%
1845 Siglow/Pohl: 
5700 --> 4335   = 
76%
1845 and 1890 
floodways not yet 
built
1845 channel still 
wider but almost the 
same depth as 
nowadays
Figure 7. comparison of the stage-discharge-relations at the Dresden gauge with 
dispersion due to roughness estimations between n = 0.02 to 0.06 s/m1/3  
 
According to the stage-discharge curves yielded for each year or certain time periods the time 
series of peak discharges has to be corrected (Fig. 8). The hollow triangles mark the “official” 
peak discharges up to now and the filled triangles mark the revised values. The pointers show 
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Figure 8. Floods of the Elbe river in Dresden since 1501 A.D. – hollow triangles mark the 
“official” peak discharges up to now, filled triangles mark the revised values 
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that especially in the range of large values the necessary reduction of the historic flow rates is 
considerable.  
unit discharge 
unit discharge probability 
probability 
peak discharge [m³/s] 
peak discharge [m³/s] 
recurrence period [yr] 
recurrence period [yr] 
Figure 9. comparison of the extrapolated flow rate before (top) and after (bottom) the 
reevaluation of stage-discharge-curves at the Dresden gauge 
 
 
Uncertainty of discharges with given stages is not only a problem of historical data. This could 
be shown when evaluating the stage discharge of example gauges in Saxony. The deviation of 
the hindcasted discharges amounted up to 100 per cent for the same stage and river 
morphology (Pohl 2002). Within this present study the discharge of 17th August 2002 at the 
Dresden gauge (Q = 4581 m³/s) was assumed to be rather exact as it was measured by means 
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of an ADCP (acoustic Doppler current profiler) at a definite flow cross section without bypassing. 
Insofar there could arise some doubt if the official 2006 stage-discharge-curve which deviates 
up to 500 m³/s from the 2002 curve could be right although in some areas of the floodplain a 
sediment layer (from the 2002 event and before) was removed by dredging. 
 
 
Flood Analysis, flood records, flood statistics, trends 
Studies like the present one are made to improve the understanding of hydraulic processes in 
the past on the one hand and on the other hand to improve the flood forecast for the future. For 
the second issue an annual updating of the flood statistics is required. 
Due to the existing statistics the 2002 flood had a recurrence interval of some 150 years using 
best fitted repartition functions. Other investigations with a partial annual series from 1936 to 
1995 predicted a recurrence period of 200 years for only 3600 m³/s (Nestmann & Büchele 
2002).  
With the corrected discharge values a new statistical evaluation has been done by means of the 
program HQ-EX by DHI-WASY. It becomes visible that the 2002 flood with a peak discharge of 
Q = 4581 m³/s was less frequent than originally assumed. Instead of 150 years the recurrence 
period is some 500 years now (depending on the selected distribution function - Fig. 9). 
When yielding so different values the question about trends arises. From Fig. 8 a decreasing 
trend can be derived.  But it is also obvious that due to several human activities at the river and 
in the watershed the statistical universe (basic population) might have changed. Especially flood 
protection measures like construction of dams in the 20th century could be an explanation for the 
generally decreasing trend. 
 
On the other hand the peak discharge of 2002 was due to the revised series the biggest value 
at all, that means an all time record from the mathematical point of view. This value strongly 
influences the trend of partial series (Fig. 10). 
Insofar it is also very difficult to 
answer the question about a trend 
due to the climate change. Although 
the trends during the last few 
decades are increasing (Fig. 10, 
Fig. 11) it can be seen in Fig. 11 that 
all partial series of a 5 decade period 
after 1800 produce increasing trends 
whereas the series over 3 decades 
yield 2 increasing, 3 decreasing and 
2 almost constant trend lines. These 
differences are only caused by the 
mathematics despite using the same 
flow data. 
Another clue to a non steady series 
with a significantly increasing trend 
could be an above average number 
of records. Their mean Value can be calculated as proposed by Glick 1978  
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Figure 10.  linear trends of partial series of annual 
peak discharges 1970 – 2006 with (solid line) and 
without (dotted line) the peak discharge of 2002 
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For a series over 200 years one could calculate about 6 records. For the Elbe discharge only 3 
values can be found: the first value (is always a record), the value of 1845 and the value of 1784 
for the old series or the value of 2002 for the revised series respectively. This number lies below 
the lower variance limit of the above equation and indicates a falling trend respectively (Fig. 12). 
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Figure 11.  linear trends of partial series of annual peak discharges 30 years (black 
line) 50 years (orange line) 
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Figure 12. number of records versus 
observation period 
 Conclusions 
The above considerations show that a 
check of the stage-discharge-curves of 
the past should be done by means of 
water level calculations with historical 
data if the availability of geographic and 
stage data allows it. The result is a 
stage-discharge-relation being valid for 
a year or a certain time period. After 
converting the peak stages to peak 
discharges a probability distribution 
function can be fitted to the values in 
order to extrapolate the new recurrence 
periods.   9 
The example of the Dresden gauge shows that as a result of this investigation the design floods 
can change noticeably. 
The above investigations assume steady hydrologic conditions. At the Dresden gauge no 
statistically proved tendency towards increasing peak discharges could be shown. If such trends 
due to climate change or other causes should become evident the recurrence periods and the 
degree of protection will have to be adjusted. 
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